Aim Our aim was to compare the efficacy and tolerability of loperamide and racecadotril in elderly patients with acute diarrhea.
Introduction
Gastroenteritis is an inflammation of the gastrointestinal tract involving both the stomach and the small intestine and resulting in acute diarrhea. Inflammation is caused most often by infection with certain viruses and less often by bacteria or their toxins, parasites, or adverse reaction to something in the diet or drugs [1] . Whereas gastroenteritis normally has a mild clinical course, hospitalization and death are more common among elderly people, particularly those who live in geriatric nursing homes. In fact, gastroenteritis will occur in settings where people gather, even when standards of care and food hygiene are very high [2] . Several factors, such as the physiological decrease in gastric acid secretion, are involved in the increased vulnerability to diarrhea in elderly people. Other factors, such as decreased motility of the gastrointestinal tract; reduced immune response; residence in nursing homes, retirement communities, and hospitals with crowded conditions; and a possible increased mucosal sensitivity to toxins; all carry greater risk to the elderly [3, 4] . Some infections are inevitable due to the susceptibility of the population and the highly infectious and persistent nature of enteric pathogens. Several enteropathogenic viruses, i.e., caliciviruses, norovirus, and rotavirus, are the most common causal agents in acute gastroenteritis outbreaks [5, 8] .
Gastroenteritis usually appears with acute diarrhea, abdominal pain, and vomits. Acute diarrhea represents a common clinical problem in developed countries and epidemic plague in underdeveloped nations. It is calculated to be responsible worldwide for approximately 2 million deaths per year [9] . In the United States, approximately half those who die of diarrhea are of advanced age to 74 years, with increased total mortality about 400 times greater than other ages [10] .
Managing an elderly patient with diarrhea must ensure proper hydration using available oral rehydration solutions (ORS) [11, 12] . In many patients, however, this is not possible due to their decreased ability to drink. Therefore, other approaches may be used in reduce the risk of dehydration and systemic or metabolic diseases. Available drugs are represented by loperamide and racecadotril. Loperamide is an mu-opiate-receptor agonist, which prolongs orocecal and colonic transit times by disrupting the gut's electrical activity, increasing gut capacity, and delaying the passage of fluids through the small intestine [13] . Racecadotril, an enkephalinase inhibitor, is an indirect delta receptor agonist, with antisecretory activity [14, 15] without activity on gut muscle [16] .
The aim of this study was to compare the efficacy and tolerability of loperamide and racecadotril in elderly patients residing in a geriatric nursing home who had severe acute diarrhea. Moreover, to evaluate the role of metabolism in both efficacy and tolerability, we evaluated cytochrome P450 polymorphisms. Finally, at the end of the study, we performed a pharmacoeconomic evaluation of both treatment regimens.
Methods
The study was a randomized, prospective, double-blind, and parallel group design implemented geriatric nursing homes in Catanzaro, Italy, from February 2008 to March 2009. Eligible patients were women and men with acute diarrhea (defined as three or more liquid stools in 24 h), without signs of severe dehydration (sunken eyes, reduced skin turgor, lethargy, unable to drink, and absent/uncountable radial pulse) and bacterial infection (i.e., the presence of blood or pus in their stool). Patients were excluded if they met any of the following conditions: presence of chronic or iatrogenic diarrhea, temperature >38.6°C, signs or symptoms of orthostatic hypotension, inability to take medications and fluids by mouth; a history of chronic gastrointestinal tract disease, hepatic or renal insufficiency, or a history of hypersensitivity to loperamide or racecadotril. Finally, patients who had taken any antidiarrheal or antimicrobial drugs in the 5 days prior to the study, and patients with concomitant illnesses requiring antibiotic treatment, were not eligible.
Experimental protocol
Patients with acute diarrhea and without regard for age, sex, or medical history were randomly allocated to receive either one tablet of racecadotril 100 mg every 8 h or two tablets of loperamide 2.0 mg followed by one tablet after each unformed stool, up to four tablets in any 24-h period. For the randomization, was used a computer program to generate a sequence of treatment allocations by block randomization using a random number generator. Investigators were blinded to the block size to avoid selection bias. Each treatment was started after the third diarrhea episode and was stopped after the production of two consecutive normal stools or no stool production for a period of 12 h. In order to exclude gut infection, before treatment in both groups, a sample of fresh stool was collected for microbiological analysis. If recovery did not occur within 4 days, the treatment was discontinued and, in order to avoid dehydration, the patient was treated with other drugs. Each dose of the medication was taken under the supervision of a designated study physician. Time, number, and type of stool were recorded, as were the occurrence of adverse signs and symptoms. In both groups, 750 ml of a standard ORS [sodium (Na+) 90 mmol/l, chlorine (Cl2) 80 mmol/l, potassium (K+) 20 mmol/l, citrate 10 mmol/l, and glucose 111 mmol/l] was given to all patients every day. The study was approved by Ethics Committee and was conducted in accordance with the Declaration of Helsinki. Written informed consent was received from each patient. For patients with senile dementia, consent was obtained from a partner.
Microbiological analysis
Fresh stool samples were collected at the beginning of the study by the nursing staff and sent for routine microbiological analysis for Salmonella spp., Shigella spp., Yersinia spp., Vibrio spp., Campylobacter spp., Staphylococcus aureus and intestinal parasites (helminthes and protozoa), according to standard protocols.
Evaluations
The primary efficacy criterion was the duration of diarrhea in days, from the first treatment dose to recovery. Secondary efficacy criterion consisted of duration of other symptoms, i.e., abdominal pain and abdominal distension. The overall clinical response during the study was assessed by physicians who were blinded to the treatment. Stool output, electrolytes, fluid intake, body weight, and hematocrit were also evaluated weekly in both groups. Stool output was calculated as the sum of the weights of the watery and loose stools (diarrheic stools) divided by the body weight at base line. Tolerability and safety were assessed by recording the adverse events experienced during treatment and by the occurrence of constipation. Signs and symptoms evaluated were pain on abdominal palpation, anorexia, nausea, and anal burning. A visual analogue scale (VAS) was used to assess pain severity before, during, and after treatment. Pharmacoeconomic evaluation was performed at the end of study period, and both intent-to-treat (ITT) and per-protocol (PP) costs of drug treatments only were analyzed. We did not consider indirect costs, because patients were residing in nursing homes, with both physicians and nursing staff presents every day. We estimated the cost of the drugs using average wholesale prices. Racecadotril (20 tablets of 100 mg) was estimated at 11.50 euros (0.575 euros for each tablet), and the price of loperamide (15 tablets of 2 mg) was 5 euros (0.33 euros for each tablet). The defined daily dose, which represents the assumed average daily dose of a drug when used for its main indication in adults, was 1.725 euros for racecadotril and 1.65 euros for loperamide (a mean of five tablets/day). To evaluate the role of genetic polymorphisms in cytochrome P450 involved in drug metabolism, a blood sample was taken from each patient at the beginning and end of the study period. Finally, we analyzed polymorphisms in patients nonresponsive to treatment and in patients who developed side effects.
Statistical analysis
Statistical analysis was performed using SPSS. Both ITT and PP analyses were performed for primary and secondary parameters. Estimates of the survival distribution of the duration of diarrhea were analyzed using Kaplan−Meier survival analysis techniques. The overall clinical response of the treatment groups was compared using the Cochran-Mantel-Haenszel test, as was the comparison of treatment group changes from inclusion to the end of treatment.
Results

Patient characteristics
During the study period, 61 patients (19 men and 42 women) were enrolled for ITT and randomized in two groups; 30 (nine men and 21 women) were treated with racecadotril, whereas 31 patients (ten men and 21 women) received loperamide (data not shown). At the end of the study, 54 patients participated fully, making up the PP population (88.5%). Two patients (3.27%) did not complete the study due to adverse events, three 4.9 %) were considered noncompleters due to deviation from protocol, and two (3.27%) were lost to follow-up. Mean ages were 82.9 (range 73-96) years for the racecadotril group and 81.9 (range 73−93) years for the loperamide group (Fig. 1 ). Other variables with regard to body weight, duration of diarrhea, and fluid intake were comparable between the two groups. All patients presented polytherapy, but pharmacological evaluation performed by a specialist excluded that drug treatments may be involved in the development of diarrhea. Microbiological investigation performed on fresh stool taken before treatment documented that fecal specimens were negative for bacterial enteropathogens and intestinal parasites (data not shown).
Symptoms and stool normalization
During the study period, the racecadotril group experienced a mean of 3.93 episodes of acute diarrhea [range 1-11 episodes; standard deviation (SD) 2.99] after they had met the inclusion criteria (three episodes in 24 h), and a mean of 7.29 in the loperamide group (range 2-16 episodes; SD 4.45) (data not shown). We defined an episode as all diarrhea manifestations in each patient from the beginning of stool output alteration up to stool output normalization. Before the beginning of the treatment, in both groups, stool output comprised between 260 and 270 g/kg. In both group, all episodes of diarrhea were more common in women, with no difference in the median age (Fig. 1) . The mean duration of abdominal pain in the ITT population was 14± 1 h for racecadotril and 28±1 h for loperamide. In the PP population, the mean duration of abdominal pain was 14± 1 h for racecadotril and 32±2 h for loperamide (P<0.01). In all episodes, normal stools were collected 36±4 h after the beginning of racecadotril and 63 ±6 h from the beginning of loperamide (P <0.01) (data not shown). Mean total stool output before recovery was 120±27 g kg in the racecadotril group and 150±39 g/kg in the loperamide group, a 25 percent lower output with racecadotril (P<0.01). In about 50% of patients (age 80± 0.2 years; range 73-93 years), in the loperamide group during the study period, 4 days of treatment were ineffective. Therefore, patients were treated, after a new negative microbiological evaluation, with racecadotril, with a rapid normalization of all symptoms. There were no statistically significant differences between the two treatment groups for the major outcome variables: ORS intake and need for unscheduled intravenous fluids.
Adverse drug reactions
About 50% of patients experienced at least one adverse event during the study: 12% in the racecadotril group and 60% in the loperamide group. The most frequently occurring adverse events were nausea and constipation. In particular, nausea occurred in 10% of patients treated with racecadotril and 20% of patients treated with loperamide; constipation was observed in 15% of patients in the racecadotril group and in 60% in the loperamide group. Adverse events noted as per protocol, such as abdominal pain, headache, anorexia, etc., were not different between groups. During the study, at the end, and at follow-up, no electrolyte alterations were recorded in either group.
Genetic evaluation
To evaluate the role of cytochrome (CYP) metabolism in loperamide failure, blood of patients not responsive to loperamide was analyzed for the main allelic variants of the CYP450 isoforms 3A4/5 and CYP2C8. CYP2C8 and allelic variants of CYP3A4 genes were analyzed with real-time reverse-transcriptase polymerase chain reaction (PCR) by TaqMan kits purchased from Applied Biosystems. Patients did not carry any detrimental CYP2C8 or CYP3A4 allele. Furthermore, they did not carry extra copies of functional alleles CYP2C8 or CYP3A4; therefore, they were not genetically classifiable as ultrarapid or poor metabolizers for these two enzymes.
Pharmacoeconomic evaluation
Pharmacoeconomic analysis performed at the end of our study documented an increase in costs in the loperamide group with respect to racecadotril. Based on the ITT analysis, costs average in the racecadotril group was 44.85 euros and for the loperamide group 91.99 euros (Fig. 2) .
Based on PP analysis, mean cost of treatment was 44.85 euros in the racecadotril group compared with 107.5 euros for the loperamide group (Fig. 2) . Based on both ITT and PP analysis, loperamide treatment was associated with an incremental total cost (Fig. 2) .
Discussion
In this study, we evaluated the effects of loperamide and racecadotril on acute diarrhea in elderly people living in nursing homes. There are multiple causes of gastroenteritis and acute diarrhea, including ingestion of toxins, food intolerance, psychological stress, and adverse reactions to medications. In most cases, the cause is thought to be Fig. 1 Mean patient age during all episodes of diarrhea in both racecadotril (black) and loperamide (white) treatment groups infections, including those caused by viruses, bacteria, or parasites [17, 18] . Viruses are more important in infants (rotaviruses) [19] [20] [21] and cause community foodand water-borne gastroenteritis (noroviruses) in all age groups [22, 23] . In health-care facilities, transmission can additionally occur through hand transfer of the virus to the oral mucosa via contact with materials, vomits, and environmental surfaces that have been contaminated with either feces or vomits. These circumstances make it extremely difficult to control outbreaks in institutional settings [24, 25] .
In developing countries, bacterial enteropathogens, i.e., salmonella, shigella, Campylobacter jejuni,, enteropathogenic Escherichia coli, and vibrio cause just under half of all cases of endemic pediatric diarrhea and approximately half the cases of diarrhea among international travelers to these areas [26] . In our study, we enrolled 61 elderly patients residing in a geriatric nursing home who had no signs and symptoms of acute bacterial gastroenteritis. To exclude further patients with bacterial diarrhea, a microbiological analysis of fresh stool was taken from each patient before treatment. Microbiological analysis excluded the presence of bacterial enteropathogens or intestinal parasites.
Usually, the pathophysiological problem of acute diarrhea due to nonbacterial agents is induced by hypersecretion of intestinal mucosa. Therefore, the ideal treatment for acute diarrhea should combine replacement ORS and drugs able to modulate intestinal hypersecretion or gastrointestinal transit, such as racecadotril and loperamide. Both racecadotril and loperamide are rapid, equally effective, treatments for acute diarrhea in adults [27] , do not penetrate the nervous system, and have no substantial potential for addiction. However, they have several differences in pharmacodynamic and pharmacokinetic parameters. Racecadotril, a specific enkephalinase inhibitor, prevents inactivation of endogenous enkephalins and prolongs their physiologic action. Enkephalins act as neurotransmitters in the gastrointestinal tract by activating delta-opiate-receptors and thus reducing the level of cyclic adenosine monophosphate (AMP) [28] . The result is a low secretion of water and electrolytes without any detectable effect on intestinal motility [16, 29] . The efficacy and safety of racecadotril as an adjuvant to ORS therapy were documented several years ago in infants and children with less severe diarrhea [30] and in children with rotavirusassociated diarrhea [31] . Hamza et al. [32] and Vetel et al. [33] reported that racecadotril produced a significant (P=0.025) decrease in stool weight during the first day of treatment compared with placebo and was also associated with significantly fewer diarrheic stools than placebo after 1 day of treatment. Other studies in adult patients reported that racecadotril was able to reduce diarrhea in about 19 h [27, 34] . In agreement with these studies, we documented that racecadotril reduced diarrhea in all patients in about 1 day in all episodes of gastroenteritis. No ineffectiveness was recorded during this treatment. Loperamide is a selective mu-opiate-receptor agonist that is able to prolong orocecal and colonic transit times by disrupting the gut's electrical activity, increasing gut capacity, and delaying the passage of fluids through the small intestine [35] . Several studies reported that loperamide is able to reduce diarrhea manifestations in adults, with or without antibiotic treatments [36] .
Of the 61 patients randomized in our study (ITT population), 54 (28 in the racecadotril group and 26 in the loperamide group) were considered valid as per protocol. Three patients with moderate Alzheimer's dementia ([Mini Mental State Examination (MMSE) score of 15] were excluded for the impossibility of evaluating abdominal pain intensity with the VAS scale and also evaluating the impact of side effects. We documented that loperamide reduced diarrhea in about 3 days in all episodes of gastroenteritis. However, in about 50% of treated patients over the entire treatment period, it was ineffective. The percentage of We define an episode of diarrhea as all diarrhea manifestations in each patient from stool output alteration to stool output normalization ineffectiveness was significantly higher in the third and in the fourth episode of gastroenteritis. The low efficacy of loperamide in our study could be related to a metabolic reaction due to drug interactions. Loperamide is mainly metabolized to desmethyl loperamide (DLOP) through the N-demethylation pathway [37, 38] , and clinical studies have shown that DLOP formed by LOP N-demethylation is a major metabolite of LOP in humans [39, 40] . Moreover, it has been demonstrated that CYP2B6, CYP2C8, CYP2D6, and CYP3A4 catalyze LOP N-demethylation in human liver microsomes, and among them, CYP2C8 and CYP3A4 may play a crucial role in loperamide N-demethylation at therapeutic concentrations [41] . Moreover, loperamide is a glycoprotein P substrate; therefore, its absorption in the bowel may be related to drug coadministration. Therefore, it is possible that drug interaction may modify loperamide elimination in humans. In fact, concurrent administration with CYP3A4 inhibitors such as fluvoxamine or erythromycin may lead to clinically significant reductions in plasma loperamide concentrations. Moreover, it is possible that the coadministration of a CYP3A4 enzyme inducer (such as carbamazepine or phenobarbital) may reduce loperamide effectiveness. In our study, all patients were in polytherapy with omeprazole, esomeprazole, antidepressants, or anitarrhythmics, which are inhibitors of CYP3A4 and glycoprotein P, as well as with phenobarbital, which is a CYP3A4 inductor. Therefore, we postulate that the loperamide ineffectiveness could be related to drug interaction. In contrast, racecadotril is a prodrug that is quickly metabolized by hydrolysis to its active metabolite, thiorphan, which in turn mediates enkephalinase inhibition [42] . Therefore, in our study, racecadotril induced rapid remission of diarrhea (1-day treatment), because its action was not modified by polytherapy.
Adverse drug reactions (ADRs) represent a major public health problem in older populations [43] . Bejer and de Blaey [44] reported that the proportion of admissions related to ADRs in older people was four times higher than in younger people. In addition, we documented that ADRs are more common in elderly patients than in the young [45] [46] [47] [48] . It was recently reported that comorbidity could predict repeat admission for ADRs in older adults [49] . The mu-opiate-receptor agonist, loperamide, and other opiates, may cause adverse effects such as reactive constipation and abdominal distension [50] . Their mode of action is through disrupting forward propulsive motility, increasing gut capacity, and delaying passage of fluid through the intestine [51, 52] .
In agreement with another study [34] , we found that in racecadotril treatment, abdominal distension vanished rapidly, and reactive constipation was less frequent with respect to the loperamide group. These differences can be accounted for by the distinct mechanisms of antidiarrheal activity of the two drugs as above described. In both treatment groups, we documented the development of nausea, which was more frequently in the loperamide group than in the racecadotril group, but it did not cause treatment cessation. Efficacy and side effects may be related both to drug interaction and to genetic polymorphism. Recently, we documented that CYP2D6 polymorphism reduces the effectiveness of opiate agonists in polydrug abuse [53] . To exclude the possibility that loperamide ineffectiveness could be related to gene polymorphism, we performed a pharmacogenetic analysis of CYP3A4 and CYP2C8 expression in unresponsive patients and in patients who developed side effects. Genetic analysis did not identify rapid or poor metabolizers; therefore, we can exclude that genetic susceptibility may be related to loperamide ineffectiveness or loperamide-related side effects in our analysis.
Side effects and drug ineffectiveness are responsible for a significant increase in direct costs during loperamide treatment. In fact, the direct cost of loperamide treatment was 367.95 euros compared with 179.4 euros for racecadotril treatment in ITT analysis. Moreover, the number of stool episodes was higher in the loperamide group compared with the racecadotril group, which influenced the decision switch all patients to racecadotril. Therefore, in PP analysis, loperamide treatment was not cost effective compared with racecadotril (430.05 euros for the loperamide group and 179.04 euros for the racecadotril group). This study was performed in nursing-home residents, so we assumed that indirect costs were similar in both groups.
In conclusion, we found that racecadotril is more effective than loperamide in elderly patients-which may be related to drug interaction with loperamide-and racecadotril is not dependent on pharmacogenetic susceptibility. It is also more cost effective than loperamide. Therefore, in elderly patients with diarrhea, racecadotril could be the first therapeutic option after ORS therapy to reduce the risk of dehydration.
